Published online: 2020-09-28

Review Article

261

Serpins, New Therapeutic Targets for Hemophilia
Karen Aymonnier1,2, Charlotte Kawecki1,3,
Marie Christine Bouton1,2

Véronique Arocas1,2

1 INSERM U1148-LVTS, Université de Paris, Paris, France
2 CHU Xavier Bichat, Paris, France
3 INSERM U1176-HITh, Université Paris-Sud (Université Paris-Saclay),

Yacine Boulaftali1,2

Address for correspondence Marie-Christine Bouton, PhD, INSERM
U1148-LVTS, Université de Paris, Paris, France
(e-mail: marie-christine.bouton@inserm.fr).

Le Kremlin-Bicêtre, France

Abstract

Keywords

► coagulation inhibitors
► hemophilia A/B
► Serpins

Hemostasis is a tightly regulated process characterized by a ﬁnely tuned balance
between procoagulant and anticoagulant systems. Among inherited hemostatic
conditions, hemophilia is one of the most well-known bleeding disorders. Hemophilia
A (HA) and B (HB) are due to deﬁciencies in coagulation factor VIII (FVIII) or FIX,
respectively, leading to unwanted bleeding. Until recently, hemophilia treatment has
consisted of prophylactic replacement therapy using plasma-derived or recombinant
FVIII in cases of HA or FIX in cases of HB. Because FVIII and FIX deﬁciencies lead to an
imbalance between procoagulant and anticoagulant systems, a recent upcoming
strategy implies blocking of endogenous anticoagulant proteins to compensate for
the procoagulant factor deﬁcit, thus restoring hemostatic equilibrium. Important
physiological proteins of the anticoagulant pathways belong to the serpin (serine
protease inhibitor) family and, recently, different experimental and clinical studies have
demonstrated that targeting natural serpins could decrease bleeding in hemophilia.
Here, we aim to review the different, recent studies demonstrating that blocking
serpins such as antithrombin, protein Z-dependent protease inhibitor, and protease
nexin-1 or modifying a serpin like α1-antitrypsin could rebalance coagulation in
hemophilia. Furthermore, we underline the potential therapeutic use of serpins for
the treatment of hemophilia.

Hemophilia
Hemostasis is a highly complex, integrated, dynamic system
that limits blood leakage after an injury. Coagulation results in
the formation of a solid clot made of ﬁbrin and platelet
aggregates. It involves a cascade of amplifying enzymatic
reactions initiated by the exposure of the extravascular protein
tissue factor (TF) to blood, allowing the formation of the TF–
factor VIIa (FVIIa) complex (►Fig. 1). This complex is able to
activate small amounts of FIXa and FXa. Small quantities of FXa
promote the generation of thrombin that ampliﬁes its own
production by inducing a positive feedback loop via activation
of FXI and of the cofactors FV and FVIII. Thrombin is the key
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ﬁnal effector of the coagulation cascade; it generates ﬁbrin and
activates platelets (►Fig. 1). The enzymatic reactions of blood
coagulation are mainly localized on platelet surfaces and are
regulated by a set of physiological inhibitors, in particular, the
serpins. In hemophilia, the delicate balance between pro- and
anticoagulant proteins is disrupted, therefore resulting in
abnormal bleeding (►Fig. 2). Indeed, hemophilia A (HA) and
B (HB) are monogenic X-linked recessive blood-clotting disorders due to deﬁciencies in the procoagulant factors FVIII or
FIX, respectively, and characterized by repeated episodes of
serious bleeding, primarily into their joints, that can lead to
disability and pain. The main treatment for hemophilia consists of prophylactic replacement therapy using intravenous
infusions of plasma-derived or recombinant FVIII in cases of
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Fig. 1 Serpin targets to inﬂuence hemostasis in hemophilia. Schematic drawing of the blood coagulation cascade following a vascular injury and initiated by
the exposure of tissue factor (TF). Thrombin, the key ﬁnal effector of the coagulation cascade, generates ﬁbrin (Fn) from plasma ﬁbrinogen (Fg). Serpins (in
red) from plasma, or released by activated platelets, regulate clot formation at different stages of the blood coagulation cascade.

Fig. 2 Hemostatic imbalance in hemophilia. The deﬁciency in factor VIII (FVIII) or FIX leads to a disequilibrium of the ﬁnely tuned balance between
procoagulant and anticoagulant proteins: activated protein C (APC); antithrombin (AT); protein Z-dependent protease inhibitor (ZPI); protease nexin-1 (PN-1).

HA or FIX in cases of HB. Despite remarkable improvements,
challenges still remain in hemophilia treatment, in particular
because of the need of frequent intravenous injections of FVIII
or FIX and the development in some patients of neutralizing
antibodies. These alloantibodies remain the most serious
complication of replacement therapy because patients who
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develop inhibitors become refractory to the treatment. In such
situations, bypassing agents are used to stop acute bleeds, but
with limited success.1
In this context, other therapeutic approaches are now being
developed or explored. They include other replacement therapies such as FVIII/FIX products, with an extended half-life,
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and gene therapy, or alternative therapies like the monoclonal
FVIII-mimicking bispeciﬁc antibody, and agents targeting
endogenous anticoagulant proteins including TF pathway
inhibitor (TFPI), activated protein C (APC), or antithrombin
(AT).2 The main strength of targeting natural inhibitors of
coagulation is related to its application to both patients with
HA and HB, unlike the other strategies. Moreover, this nonfactor therapy can be used for both patients with and without
inhibitors and should not lead to the development of inhibitors
since it avoids or largely reduces factor infusions. Furthermore,
these therapeutic molecules can be administered subcutaneously, a much less invasive route than the repeated intravenous
injection of FVIII or FIX. Recently, different experimental
studies have demonstrated that targeting two other natural
anticoagulant serpins, namely protein Z-dependent protease
inhibitor (ZPI) and protease nexin-1 (PN-1), can also decrease
bleeding in hemophilia. This review focuses on the different,
recent strategies developed to block or modify serpins and
features their potential therapeutic use for treatment of
hemophilia (►Table 1).

Serpins
Serpins, a name derived from SERine Protease INhibitor, comprise a superfamily of proteins, widely distributed among
organisms, which share a conserved tertiary structure and
have evolved primarily to control the activity of serine and
cysteine proteases. All serpin structures determined so far have
the same basic fold composed of three major β-sheets, seven to
nine α-helices, and an exposed reactive center loop (RCL) that
contains the primary recognition site for attacking proteases.3
The majority of the members of the serpin family function as
protease inhibitors in a wide range of physiological processes,
including blood coagulation and ﬁbrinolysis.4 Indeed, the
coagulation cascade and the protein C anticoagulant and
ﬁbrinolytic pathways are dominated by serine proteases regulated by antiproteases predominantly belonging to the serpin
superfamily. Most serpins are suicide inhibitors. Unlike the
classical lock-and-key type inhibitors, serpins use conformational change to present recognition sites contained in their
exposed RCL that is cleaved by the target protease (►Fig. 3). In
most cases, this cleavage leads to the formation of a serpin–
protease complex covalently bound, in which the protease
active site becomes inactivated via conformational deformation, and the serpin undergoes a massive structural change with
the cleaved RCL inserted into the serpin body. By combining
interactions of both an exposed RCL and exosites outside this
loop with the active site and complementary exosites on the
target protease, serpins can achieve remarkable speciﬁcity.5
Moreover, the activity of several serpins is modulated by
glycosaminoglycans serving as a bridge between serpins and
proteases, potentiating the inhibition rate.6

Antithrombin
In hemophilia, coagulation is rapidly quenched by two principal protease inhibitors: TFPI and AT. Therefore, both anticoagulant proteins have been targeted for hemophilia. TFPI is not a
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serpin but a Kunitz-type proteinase inhibitor that inhibits the
FVIIa–TF complex and FXa7 (►Fig. 1). Therapeutic agents
targeting TFPI have been extensively reviewed elsewhere.8
AT is a 58-kDa glycoprotein encoded by the SERPINC1 gene.
It is synthesized in the liver and circulates in blood. It inhibits a
large panel of blood coagulation proteases but functions as a
key natural anticoagulant protein because of its high ability to
inactivate thrombin and FXa9 (►Fig. 1).
The importance of AT in the regulation of coagulation has
been strengthened by investigations with human subjects.
Indeed, congenital and acquired AT deﬁciencies are known to
be associated with an increased risk of venous thromboembolism.10,11 Moreover, the coinheritance of hemophilia with
a deﬁciency of AT is associated with a milder bleeding
phenotype.12 A small cohort study of patients with severe
FVIII or FIX deﬁciency has shown that reduced AT activity
attenuates the clinical severity of patients.13 Another study
showed that endogenous thrombin potential was increased
in vitro in human FVIII-deﬁcient plasma with reduced AT
levels.14 The decrease in bleeding tendency achieved by
lowering AT was conﬁrmed in studies performed in mice.
FVIII-deﬁcient mice with a heterozygous AT deﬁciency display increased thrombin generation and less in vivo bleeding
compared with FVIII-deﬁcient mice with normal AT levels.15
Taken together, these observations have led to the development of a therapeutic gene-silencing strategy designed to
lower levels of AT in patients with hemophilia. A small interfering ribonucleic acid (siRNA) named ﬁtusiran (ALN-AT3,
Sanoﬁ Genzyme, Cambridge, Massachusetts, United States),
given subcutaneously, has been developed to block the hepatic
synthesis of AT.16 This siRNA against AT has been shown to
increase thrombin generation in human HA and HB plasma. In a
preclinical study, ﬁtusiran has been shown to enhance thrombus formation in a microvessel laser injury model and to
improve hemostasis in a saphenous vein-bleeding model after
subcutaneous administration in hemophilic mice. Moreover, it
improved thrombin generation in a nonhuman primate model
of HA with anti-FVIII inhibitors.16 Recently, another novel ATtargeting approach has been developed. It is based on llamaderived single domain antibody fragments able to restore
hemostasis in HA and HB mice by inhibiting AT, and was shown
to be safe and only weakly immunogenic.17
Fitusiran has been evaluated in hemophilia patients with
and without inhibitors in phase 1 and 2 clinical trials. In the
phase 1 study, healthy volunteers and patients with HA or HB
without inhibitory antibodies received three injections of
ﬁtusiran administered either once-weekly (at a dose varying
from 0.015 to 0.075 mg/kg) or once-monthly (either at a dose
of 0.225 to 1.8 mg/kg or at a ﬁxed 80 mg dose). Phase 1 showed
that once-monthly subcutaneous administration of ﬁtusiran
resulted in a stable, dose-dependent mean maximum reduction in AT of 70 to 89% from baseline and increased thrombin
generation in patients with HA or HB without inhibitory
alloantibodies.18 The trial was interrupted because of the
death of a patient with HA who suffered fatal cerebral venous
sinus thrombosis after the combination of ﬁtusiran with
repeated administration of FVIII.19–21 This suspension was
subsequently lifted after additional investigator and patient
Thrombosis and Haemostasis
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Nanobodies against PN-1

In vitro increased TG in human HA and HB plasmas
In vivo decreased bleeding
time in HA mice (7, 8)

In vitro increased TG in human HA plasma
In vivo decreased clot disruption in HA mice (5, 6)

In vivo decreased bleeding
time in HB mice (3, 4)

Modiﬁed α1-Antitrypsin

Inactive mutant ZPI-2A

In vitro increased TG in HA
plasmas
In vivo decreased bleeding
time in HA mice (2)

In vitro increased TG in HA
plasmas from NHPs
In vivo increased hemostasis
in HA mice (1)
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Nanobodies against
antithrombin
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to target antithrombin
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Preclinical
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Phase I/IIa
recruiting
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NCT03974113
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Clinical
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N/A

N/A

SC / IV
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SC
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N/A
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Fig. 3 The serpin inhibitory mechanism. The exposed serpin reactive center loop (RCL) is cleaved by the target protease and inserts into the βsheet A resulting in a covalent complex in which both serpin and protease are inactivated.

education strategies and the revision of the bleeding management guidelines. Since the introduction of that protocol, there
have been no related thrombotic events.22 The interim analysis
of the phase 2 extension study with patients with HA or HB
(including 14 with inhibitors), receiving monthly ﬁxed subcutaneous doses of 50 or 80 mg ﬁtusiran showed signiﬁcant
declines in annualized bleeding rate. Patients treated with
both dosages experienced a reduction of nearly 80% in AT
levels. Such a drop reduced the overall median annualized
bleeding rate to 1, with 48% of patients remaining bleed-free
throughout the study. No antibodies against ﬁtusiran developed in any patients, and breakthrough bleeds were successfully treated with replacement factors or bypassing agents
according to the revised guidelines for reduced doses.23 Oncemonthly subcutaneous administration of 80 mg ﬁtusiran is
currently under evaluation in phase 3 clinical trials.
Fitusiran has the advantage of being easily administered,
since it is injected subcutaneously. However, as already outlined by the clinical trials, targeting AT will require caution.

SerpinPC
Another strategy consisted of developing a serpin inhibiting
APC. Indeed, APC is a powerful anticoagulant that limits
thrombin production by proteolytic degradation of factors
FVa and FVIIIa, essential cofactors of the coagulation cascade
(►Fig. 1). An analysis of the existing literature on the
coinheritance of hemophilia with the FV Leiden mutation,
a mutation making FV resistant to inactivation by APC,
suggested that FV Leiden may compensate for the low FVIII
or IX levels, resulting in increased thrombin generation and
an ensuing attenuation of clinical symptoms.24 This conclu-

sion was reinforced by an in vitro study showing that the
combination of HA and FV Leiden led to an increase in plasma
thrombin formation25 and by in vivo studies showing that FV
Leiden improves hemostasis in murine hemophilia models.26
Therefore, APC inhibition was hypothesized to restore the
hemostatic balance in hemophilia. However, no single natural inhibitor has high speciﬁcity for this protease. Speciﬁc
synthetic APC inhibitors have been shown to increase thrombin generation in severe hemophilia27 but such APC inhibitors would require concentrations too high to potentially
compensate for severe hemophilia in vivo. It has also been
proposed to target protein S because it serves as an essential
cofactor for both TFPI and APC. This approach has indeed
been reported to rebalance coagulation and prevent
hemarthrosis in murine models of hemophilia.28 Another
strategy to inhibit APC was described by Polderdijk et al who
used a mutant form of SERPINA1 or α1-antitrypsin (α1AT),
named α1AT Pittsburg, as a serpin template to obtain a
strong and speciﬁc inhibitor of APC.29 In contrast to the
natural form of α1AT, α1AT Pittsburg is a mutant serpin
known to rapidly inhibit not only APC but also procoagulant
proteases such as thrombin.30 To improve speciﬁcity for APC
over other coagulation serine proteases, the investigators
mutated the amino acid residues around the cleavage site of
the RCL with Lys substitution creating a KRK α1AT mutant.
This engineered serpin, named serpinPC,31 was shown to be
effective in increasing thrombin generation in vitro and, after
injection in HB mice to restore ﬁbrin and platelet deposition
in an intravital laser injury model and to reduce blood loss in
the tail clip assay. SerpinPC (ApcinteX Ltd, United Kingdom)
has a potentially long half-life, can inhibit APC speciﬁcally
and rapidly, and can be administered subcutaneously.
Thrombosis and Haemostasis
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SerpinPC is under evaluation in ongoing phase I/II clinical
trials for healthy volunteers and patients with all types of
hemophilia.32 These trials will provide information on
the safety, tolerability, and efﬁcacy of serpinPC in treating
hemophilia. As a variant of a natural inhibitor, immunogenicity and consequent cross-reactivity might be a potential
issue, even if the risk of immune tolerance is supposed to be
low for proteins present at high concentration in plasma, as is
the case for α1-AT. Importantly, because APC also exerts
essential cytoprotective and anti-inﬂammatory functions,
these trials should indicate whether targeting APC with
serpinPC will allow inhibition of its anticoagulant activity
in absence of any associated inﬂammatory response.

Protein Z (PZ)-Dependent Proteinase Inhibitor
Recently, two studies have shown that blocking another
anticoagulant serpin, protein Z (PZ)-ZPI, could enhance thrombin generation in human hemophilia plasma.33,34 ZPI is a 72kDa glycoprotein encoded by the SERPINA10 gene.35 This
natural serpin is synthesized by hepatic cells and circulates
in the plasma, either freely or as a tight equimolar complex
with its cofactor PZ.36 The ZPI/PZ complex antagonizes coagulation by rapidly inhibiting membrane-associated FXa in
the presence of calcium and phospholipids as cofactors.37 In
the absence of PZ, ZPI can also inhibit FXIa, a key factor in the
ampliﬁcation of the coagulation cascade that also contributes
to blood clot formation37 (►Fig. 1). As observed with many
other inhibitors of the serpin family, heparin accelerates both
FXa and FXIa inhibitions by ZPI/PZ and ZPI, respectively.38,39 In
contrast to AT or PC, whose modest deﬁciency is clearly
associated with an increased risk of thrombosis in humans,
no clear link was found between ZPI/PZ deﬁciency and thrombotic events in humans.40 Nevertheless, the importance of the
ZPI/PZ complex as a regulator of hemostasis has been
evidenced by the following ﬁndings: (1) the ZPI/PZ complex
delays in vitro thrombin formation and decreases the level of
thrombin generation,41 (2) PZ inﬂuences the prothrombotic
phenotype in FV Leiden patients,42 (3) in combination with the
FV Leiden genotype, ZPI deﬁciency results in a severe thrombosis phenotype in mice, including intravascular coagulation
and hemorrhage,43 and (4) the upregulation of the ZPI/PZ
anticoagulation system has been reported to be correlated
with an increased bleeding rate and increased joint bleeding of
severe HA patients.44 Therefore, it was naturally hypothesized
that neutralizing ZPI/PZ could improve hemostasis in hemophilia. A ﬁrst study conﬁrmed this hypothesis by demonstrating that ZPI or PZ deﬁciency reduced bleeding in a tail vein
rebleeding assay and improved plasma thrombin generation in
HA mice.33 Moreover, the authors of this study showed that an
antibody blocking PZ interaction with ZPI enhanced coagulation in human HA plasma to a degree equivalent to that
obtained with hemophilic plasma supplemented with around
15% FVIII activity. Unfortunately, this antibody could not
represent a potential therapeutic tool since it has a low
potency. The authors suggested that an agent designed to
interfere with the binding of the ZPI/PZ complex with phospholipid surfaces might be a more potent inhibitor than the
antibody used in their studies.
Thrombosis and Haemostasis
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Another approach to neutralize ZPI/PZ anticoagulant activity was published recently by Huang et al, who chose to
engineer an inactive ZPI double mutant named ZPI-2A.41 ZPI2A comprises one alanine mutation in the RCL to inactivate
its anticoagulant function and a second alanine mutation in
its binding site to PZ to enhance its afﬁnity for this latter.
Therefore, ZPI-2A could antagonize the anticoagulant function of ZPI and restore hemostasis in hemophilia. This was
illustrated by the data obtained in thrombin generation
assays in a puriﬁed system or in normal/hemophilia plasma
samples, showing that ZPI/PZ activity could be reversed by
ZPI-2A in a dose-dependent manner, with a threefold molar
excess being sufﬁcient to fully reverse the ZPI/PZ inhibition
of thrombin generation. ZPI-2A should efﬁciently compete
with and displace wild-type (WT) ZPI from its complex with
PZ resulting in inactive ZPI-2A/PZ complexes and uncomplexed WT ZPI. It is noteworthy that the remaining uncomplexed WT ZPI is not totally devoid of anticoagulant activity
since it can still inhibit FXIa, a factor that could contribute to
hemostasis, especially in individuals with a bleeding tendency.45 Moreover, evaluating the impact of ZPI-2A administration in vivo in murine hemophilia models by monitoring,
for example, its impact on blood loss after tail clip, remains to
be performed.
As mentioned for serpinPC, there may also be some
concerns regarding the immunogenic potential of such a
variant of a natural inhibitor. Moreover, the PZ/ZPI complex,
apart from its anticoagulant activity, may have an antiinﬂammatory role that would bring up the question of the
safety of targeting ZPI/PZ.46

Protease Nexin-1
PN-1 is the last serpin target proposed to treat bleeding in
hemophilia. PN-1 is a 50-kDa glycoprotein encoded by the
SERPINE2 gene. Unlike AT, α1-AT, or ZPI, PN-1 is barely
detectable in the circulating blood. Indeed, PN-1 can be
considered as a cellular serpin since it is expressed by
many cell types including vascular cells, blood cells, and, in
particular, platelets47 (►Fig. 1). Most platelet PN-1 is secreted during platelet activation.48 Although PN-1 can inhibit a
broad spectrum of serine proteases, thrombin is its preferred
target. PN-1 was shown in vitro to be the most effective
inhibitor of thrombin, more effective than AT, even in the
presence of heparin.47 It is also a more efﬁcient inhibitor of
FXIa than any other natural serpin inhibitor, which underlines the additional impact of PN-1 on the coagulation
cascade.49
In the past decade, platelet PN-1 was an unrecognized
endogenous negative regulator of thrombin generation. We
demonstrated that platelets from PN-1-deﬁcient mice display an increased sensitivity to thrombin and an enhanced
procoagulant activity.48 Moreover, thrombus formation was
accelerated and facilitated in PN-1-deﬁcient mice after
induction of vascular lesions.48 Taken together, these data
resulted in the hypothesis that PN-1 blockade would allow
not only increased thrombin activity but also increased
thrombin generation in hemophilia. Indeed, using double
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Table 2 Serpins studied as new targets in hemophilia, advantages and limitations
Approaches
Common
strengths

Antithrombin
targeting

Recombinant
serpinPC

ZPI targeting

Protease nexin-1 targeting

U Can treat both HA and HB patients
U Can treat patients with inhibitors
U Can be administrated subcutaneously

Speciﬁc
advantages

High hemostatic
properties

High hemostatic
properties

Potential low thrombotic risk

Potential low thrombotic risk

Safety
concerns

Management of
thrombotic risk

- Inﬂammatory risk
- Reduction of
cytoprotective
functions

- Weak procoagulant response
- Risk of immunogenicity

- Weak procoagulant response
- Potential adverse cerebral
tissue impact

knockout (KO) mice for PN-1 and FVIII, we showed that PN-1
deﬁciency could reduce bleeding in hemophilic mice.50
Moreover, we showed that double KO mice exhibited an
increase in platelet recruitment and ﬁbrin(ogen) deposition
at the surface of injured vessels compared with hemophilic
mice. Importantly, the rate and extent of thrombus formation
remained much lower than those measured in WT mice,
strongly suggesting that targeting PN-1 would not be linked
to thrombotic risk in the hemophilia context. We also
demonstrated that a PN-1-neutralizing antibody has no
effect on thrombin generation in platelet-poor plasma but
could signiﬁcantly improve it in platelet-rich plasma from
hemophilic patients. This data underlines the critical role
of PN-1 expressed in platelets. It is now recognized that
platelet-dependent factors, beyond the expression of phospholipids, are necessary for platelet-dependent thrombin
generation. Therefore, PN-1 is one of these platelet-dependent factors that could play a regulatory role in hemophilia.
Single domain antibodies, recently developed to bind
speciﬁcally to PN-1 and neutralize its activity toward thrombin, could be explored for their potential therapeutic
applications.51
Unlike ATor ZPI, PN-1 does not circulate in the plasma, but is
present in large amounts in platelets. However, one concern is
the ubiquitous cellular expression of PN-1, in particular in the
brain where it is thought to display a neuroprotective role,52
and which could lead to potential off-target effects of an agent
directed against PN-1. Because the platelet surface plays a
central role in the promotion and regulation of thrombin
generation, targeting PN-1 speciﬁcally in platelets could be a
means to reinforce thrombin generation on the platelet surface
directly at the site of injury.

Conclusion
The ideal therapeutic agent for hemophilia treatment must
be safe, well-tolerated, highly efﬁcient in bleeding prevention for both types of hemophilia, without adverse effects
(thrombotic risk) and should require administration at a
low frequency, via a simple route. Targeting anticoagulant
proteins such as serpins, but also like the anticoagulant
TFPI, could fulﬁll many of these criteria. Moreover, these
strategies are potentially suitable for patients with rare

bleeding disorders characterized by insufﬁcient thrombin
generation, other than hemophilia. However, the main
disadvantage of such strategies is the nonnegligible risk of
adverse thrombotic events. This is inherent to strategies
that target key negative regulators of coagulation, and is
illustrated by the ﬁtusiran trials that were ﬁrst transiently
halted, as well as by some clinical trials developed to
evaluate high afﬁnity antibodies to TFPI that were also
interrupted or paused, because of safety issues (nonfatal
thrombotic events). Therefore, it is important to amend trial
protocols to better mitigate the risks, as in the ﬁtusiran or
TFPI trials. Since gene KO of both PN-1 and ZPI in mice
produces viable individuals and does not lead to an obvious
phenotype (in contrast to AT, TFPI, or PC deﬁciencies), the
question is open as to whether targeting moderate (e.g., ZPI
and PN-1) versus major (e.g., AT, APC pathway, TFPI) negative regulators of coagulation would be an advantage
regarding the thrombotic risks. On the other hand, targeting
moderately anticoagulant serpins may not be sufﬁcient to
produce the required procoagulant response. Targeting each
of these anticoagulant serpins has thus its pros and cons
(►Table 2). The ongoing clinical trials for ﬁtusiran, serpinPC,
or TFPI will provide answers to help to determine the ideal
target, and clinical studies will also be needed to evaluate
the potential beneﬁcial hemostatic effect of targeting anticoagulant serpins like PN-1 and ZPI.
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